Inverse thermal history modelling. To infer thermal histories, we use the software QTQt. The underlying methodology is based on Bayesian trans-dimensional Markov Chain Monte Carlo (MCMC) and is described in ref. 34 and 35 . The underlying philosophy is to find an ensemble or distribution of thermal histories that are consistent with the observed data (Gallagher et al., 2009; Gallagher, 2012) . An important advantage of multi-sample inversion approach is that by performing a joint inversion of samples from the same vertical profile, we reduce the potential for both over interpretation and the introduction of artifacts in the inferred thermal histories (Gallagher et al., 2005) . The prior, or range of possible thermal histories, is defined as uniform distribution with a range on time of twice the oldest thermochronometric age in a given profile and a temperature range of 0 to 140°C for the highest elevation sample. The thermal histories for the lower elevation samples are inferred from their elevation relative to the topmost sample, assuming a range on the possible geothermal gradient of 0 to 60°C/km. To incorporate geological information, we impose a range of specific constraints as appropriate: (1) A depositional age constraint such that thermal histories have to pass through a temperature range 10±10 °C at a time equivalent to the sediment deposition age (370±10 Ma for Devonian and 310±10 Ma for Devonian). This constraint is exclusive to sedimentary profiles. (2) A basalt eruption constraint such that thermal histories have to pass through a temperature range 10±10 °C around the time of basalt eruption age (55±5 Ma). This constraint is exclusive to profiles with clear evidence of overlying basalt and simulates the top of the profile being at or near the surface at the time of basalt eruption. To assess the influence of this constraint on the heating of the phase H3, we performed inverse thermal history modelling with and without this constraint (see Figure DR4) . (3) A present day temperature constraint such that thermal histories have to pass through a temperature range 10±10 °C today (0 Ma). All models use the annealing model of Ketcham et al. (2007) and for the He diffusion modeling, we consider the radiation damage models of Gautheron et al. (2009) and Flowers et al. (2009) and present the results for both in the supplementary material. Note that we infer the ranges on the timing of heating and cooling phases based on the differences in timing for the individual thermal histories of the profiles indicating a particular phase. In addition, we note that the inverse modelling does not resolve second order variations structures in the major post 30±5 Ma exhumation (i.e. phase C4).
Basalt thickness and thermal modelling. To investigate the effect of localized heating on our thermal histories at 55±5 Ma we numerically resolve the classical heat diffusion equation in 1D, using an explicit finite difference approach with a time stepping respecting the Courant-FriedrichsLewy condition. Thermal modelling was performed for profile 0 which has Carboniferous sedimentary overlain by basalt flows. This case lets us define a distance between the different profile samples and the contact between sedimentary profile and basalt rock (100 and 800m for respectively uppermost and lowermost profile samples) during basalt eruption at 55±5 Ma. We simulate a range of different flow thickness, total number of flows and periodicities of eruption to simulate the conditions for profile 0. The 56.5±0.5 °C heating of profile 0, total basalt thickness is 1.6±0.3 km with a basalt thickness for each episode of 10 m, a periodicity of 1000 yrs and a number of basaltic stage between 130 and 190. For other profiles, we performed thermal modelling in the same way changing the thermal conductivity which depends on the profile rock lithology. We chose a value for basalt representative of published values (Clauser and Huenges, 1995) Apart from profiles A and B, the apatite fission track ages are all older than the basalt episode which means that the apatite fission track system was not totally reset and so the maximum temperature did not exceed 120 °C. This constraint corresponds to a maximum individual flow thickness of about 90 m in the model (see extended data figure 7) while the observed flow thicknesses are generally <20 m, and a maximum of around 50 m (Nielsen et al., 2001) , which are associated with lower maximum temperatures of 5 to 45°C. Consequently, the heating phase H3 cannot be explained by transient thermal diffusion from hot basalt flows, but is the result of burial under cumulative basalt flows of low thermal conductivity. For all profile, parameters of the model are following: mantle heat flow is 50.10 -3 W.m -2 , surface radiogenic heat production is 1.5.10 -6 W.m -3 , scale depth of radiogenic heat production is 10,000 m, rock specific heat is 1000 J.kg -1 .K -1 , rock density is 2800 kg.m -3 , basalt thermal conductivity is 1.69 W.m -1 .K -1 . Basalt specific heat is 1000 J.kg -1 .K -1 , density is 2800 kg.m -3 , initial basalt temperature is 1200 °C and mean surface temperature is 0°C. Geothermal gradients for different profiles were inferred after similar modeling of the total basalt thickness. This allows us to determine an equivalent thickness of eroded basalt corresponding to the cooling phase C4. Figure DR2 . Complete set of thermal histories from East Greenland margin. A, Detailed geologic map of East Greenland margin between 68 and 76°N with location of different islands, fjords and profiles of our study. Profiles identified by yellow circles are built from AFT data and profiles identified by blue circles are from AFT and AHe data. Line AB is the location of the geological section of the Extended Data Figure 6 . B, Legend of geologic map. C-R, Set of thermal histories from East Greenland. Thermal histories with AFT and AHe data are built with radiation damage of Gautheron et al., (2009 Figure DR3 . Complete set of predictions from thermal history models compared to observed data. A-P, The predicted and observed values for all samples in the profiles, as a function of elevation. Normal green triangles, blue circles, red diamonds are respectively AHe ages, AFT ages and MTL observed. Error bars on AHe ages, AFT ages and MTL are included and are represented by green, blue and red horizontal lines. Inverse green triangles, blue vertical lines and red vertical lines are the predicted AHe ages, AFT ages and MTL respectively. The cyan, magenta and green horizontal lines are the mean and 95% credible range for the predictions on AFT ages, MTL and AHe ages, respectively. Green cross correspond to the helium prediction range for accepted models. Yellow squares and horizontal lines are the prior kinetic parameters and error bars (multi-composition model of Ketcham et al., 2007 for fission track data; models of Gautheron et al., 2009 and Flowers et al., 2009 for helium data) used as inputs for the inverse modelling. Yellow vertical lines are the predicted kinetic parameters while the modelled 95% credible range is shown as light yellow horizontal lines. Note that for AHe ages the model tend to predict better the younger ages than the older ages, some of which contain inclusions (noted during the handpicking of grains). Thermal history prediction of profile 0, 1 and 3 correspond to thermal history build with radiation damage model of Gautheron et al., (2009) , other prediction with no radiation damage model or with radiation damage model of Flowers et al., (2009) are not show here because predictions are very similar. Q, Summary legend for the graphic set. Figure DR4 . Influence of basalt constraints on thermal history modelling. Thermal histories on the left are inferred with the basalt thermal constraint (thermal histories have to pass through the temperature range 10±10 °C around the time of basalt eruption age: 55±5 Ma). Thermal histories on the right are inferred without the basalt constraint. The constraint at 55±5 Ma has an important control on the heating of phase H3 but allows us to estimate the equivalent basalt thickness required to produce this heating. Modelling of thermal histories reveal that heating during phase H3 can be partially recovered without the constraint suggesting that even if it is less well resolved, the basalt constraint is still coherent with the predictions of thermal history modelling. Red, blue and grey curves are thermal histories for hottest (lowest elevation), coldest (highest elevation), and intermediate samples respectively. Magenta and cyan curves are 95% credible intervals for the red and blue curves, respectively. Green and black boxes are constraints imposed on model. Green box corresponds to depositional age constraint (see Methods) for sedimentary profiles. Black boxes around 55 Ma correspond to basalt age constraint (see Methods). Other black boxes around 500 Ma correspond to Caledonian orogeny but have no influence on thermal histories Red boxes correspond to the prior range on the time-temperature values for the highest elevation sample. Figure DR5 . Influence of radiation damage model on thermal radiation modelling. Red, blue and grey curves are thermal histories for hottest (lowest elevation), coldest (highest elevation), and intermediate samples respectively. Magenta and cyan curves are 95% credible intervals for the red and blue curves, respectively. Green and black boxes are constraints imposed on model. Green box corresponds to depositional age constraint (see Methods) for sedimentary profiles. Black boxes around 55 Ma correspond to basalt age constraint (see Methods). Other black boxes around 500 Ma correspond to Caledonian orogeny but have no influence on thermal histories. Red boxes correspond to the prior range on the time-temperature values for the highest elevation sample. Table DR2 . Apatite fission track analytical data. (i) ρs, ρi and ρd are respectively the standard, spontaneous, and induced track densities; all track densities (ρs, ρi and ρd) are (×10 6 tr.cm -2 ); numbers of tracks counted (N) shown in brackets. (ii) Analyses are by the external detector method using 0.5 for 4π/2π geometry correction factor. (iii) Apatite ages are calculated using dosimeter CN5 and ζCN5 = 361±6. (iv) Pχ 2 is probability for obtaining χ 2 value for v degrees of freedom, where v = number of crystals-1. Sm are in ppm (parts per million) and concentration of 4He is in ncc (nano cubic centimeter). (iv) Apatite 3 of sample EG1 of profile 0 are not use during inverse modelling.
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